Changes in left ventriclar contraction were studied approximately two weeks and one year after surgery in 87 patients having 131 venous grafts. Nineteen out of 37 or 51% of the ventricular wall motion defects revascularized by patent and intact grafts were improved following surgery. Hypokinesis was improved in 17 out of 24 instances (70%) and a normal contraction was restored in nearly half of the cases. Akinesis was improved in two out of 13 instances (15%). Following inadequate venous grafts, 15 out of 35 or 42% of the normal wall segments and four out of 16 or 25% of the hypokinetic wall segments were worse after surgery and late akinesis was frequent. Aortocoronary bypass surgery is followed by significant improvement as well as deterioration of left ventricular contraction and function. The late result of surgery is determined by the fate of aortocoronary venous grafts.
SUMMARY
Changes in left ventriclar contraction were studied approximately two weeks and one year after surgery in 87 patients having 131 venous grafts. Nineteen out of 37 or 51% of the ventricular wall motion defects revascularized by patent and intact grafts were improved following surgery. Hypokinesis was improved in 17 out of 24 instances (70%) and a normal contraction was restored in nearly half of the cases. Akinesis was improved in two out of 13 instances (15%). Following inadequate venous grafts, 15 out of 35 or 42% of the normal wall segments and four out of 16 or 25% of the hypokinetic wall segments were worse after surgery and late akinesis was frequent. Aortocoronary bypass surgery is followed by significant improvement as well as deterioration of left ventricular contraction and function. The late result of surgery is determined by the fate of aortocoronary venous grafts.
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A ORTOCORONARY venous grafts can restore an adequate coronary flow to underperfused areas of the myocardium.1 However, relief of myocardial ischemia as well as potentially harmful consequences of unsuccessful surgery are not easily assessed by objective methods. Localized disorders of left ventricular contraction, corresponding to areas of either myocardial ischemia or fibrosis, can be identi-
Ventricular wall motion defects
Ventricular hypokinesis Ventricular akinesis fled at cineventriculography in patients with significant coronary artery disease.24 Postoperative changes in contraction patterns of the left ventricle constitute objective indices of the reversibility of myocardial ischemia as well as deterioration of left ventricular contraction.
The purpose of this communication is to report, from cineangiographic studies made 2 weeks and approximately 1 year after surgery, the influence of aortocoronary venous grafts on changes in the wall motion of revascularized segments of the left ventricle.
Material and Methods
Eighty-seven patients having 131 aortocoronary venous grafts and adequate follow-up examinations were studied. Severe angina and at least 75% reduction in the lumen of one or more major coronary arteries were always present prior to surgery. Patients with more than occasional premature ventricular beats during cineventriculography were rejected. Poor centering and failure ,': 4o to include the whole cardiac silhouette in the film also caused rejection.
A first left ventricular cineangiogram was obtained preoperatively, concurrently with diagnostic cinecoronary arteriography. A second cineventriculogram was repeated 2-3 weeks following surgery, at which time selective saphenous vein angiography was also routinely performed. Nine patients showing early occlusion of all venous grafts were not studied later. In 78 patients with at least one patent graft at early evaluation, a third cineventriculogram was obtained prior to selective opacification of venous grafts and coronary arteries 12-18 months after surgery.
Cineventriculography was performed as previously described.5 Cine filming was always made in a single 300 right anterior oblique plane. Ventriculograms were mounted and read on a Tage-Arn0 projector.
Size, shape, and wall motion of the left ventricle were analyzed both in continuous movement and frame by frame. From a selected set of frames, the inner contours of the projected ventricular cavity were traced successively on paper at the end of systole and diastole. This diagram depicted accurately the maximal amplitude of motion of the anterior, apical, and inferior walls of left ventricle and provided an objective assessment of ventricular contraction defects in these areas. The left ventricle was considered normal when synchronous, concentric, and uniform contraction of all its segments could be demonstrated ( fig. 1 , top left). Akinesis was a Circulation, Volume XLVI, October 1972 J .J total lack of motion of a portion of the left ventricular wall ( fig. 1 , top right). Hypokinesis was a diminished amplitude of motion in a part of the ventricular wall ( fig. 1 , right). Hypokinesis was graded as mild, moderate, or severe according to the degree of reduction of enddiatolic to end-systolic excursion of the ventricular cavity. Diagrams were particularly useful to distinguish mild hypokinesis from normal contraction, severe hypokinesis from akinesis, and to measure postoperative changes in degree and extent of ventricular hypokinesis.
Results

Angiographic Fate of Venous Grafts
Aortocoronary venous grafts were classified according to the angiographic result shown 2 weeks and approximately 1 year following surgery (table 1) . Group I included 66 patent and intact grafts. An insignificant segmental stenosis (equal to or less than 30% reduction in lumen size) was present after 1 year in 16 grafts. Group II included a comparable number of cases, i.e. 65 grafts, with occlusion 725 ). Table 2 relates postoperative improvement in left ventricular contraction to the fate of aortocoronary venous grafts. Patent and intact grafts were accompanied by significant improvement of ventricular contraction. Nineteen of 66 (30%) of the wall segments revascularized by the grafts showed an enhanced contraction. This improvement occurred early after surgery and persisted approximately 1 year later, correlating well Site and type of improvement in 19 ventricular wall defects following patent and intact grafts 1 year after surgery. Nearly 80% of the improvements involved the anteroapical wall of the left ventricle. A normal pattern of left ventricular contraction was reestablished in eight instances showing preoperative hypokinesis. In the other instances, hypokinesis (nine cases) and akinesis (two cases) were slightly to markedly improved.
Circulation, Volume XLVI, October 1972 tempted but failed because of closed or poorly functioning grafts. Wall motion disturbances were usually seen at the early evaluation when early occlusion of grafts or coronary artery stenosis and occlusion were present (group II, A and B, respectively). The disturbances almost always became manifest only 1 year after surgery following late occlusion or segmental stenosis of the grafts (group II, C and D, respectively). On the other hand, in the presence of patent and intact grafts, deterioration of left ventricular wall motion occurred only once. In this particular case, the saphenous vein was anastomosed to a diagonal artery, and late evaluation showed occlusion of the anterior descending coronary artery.
The severity of deterioration in left ventricular wall motion following closed or poorly functioning venous grafts is shown in tables 6 and 7. Nineteen of 51 (37%) of the normal and hypokinetic wall segments before surgery were deteriorated 1 year after surgery. This included 15 of 35 (42%) of the normal wall segments and four of 16 (25%) of the hypokinetic wall segments before surgery. The aggravation was usually severe, with frequent late akinesis. Deterioration involved the inferior wall as frequently as the anteroapical wall of the left ventricle ( fig. 3 ).
Discussion
Regional abnormalities of left ventricular contraction can be demonstrated, at cineventriculography, in about 60% of patients with patients, all bypassed vessels had severe obstructions with equal to or greater than 75% reduction of lumen size. Only half of these were associated with left ventricular dyskinesis prior to surgery. Four distinct types of ventricular wall motion defects have been described.23 True postinfarction ventricular aneurysm, defined as paradoxic expansion of a part of the wall during systole, was seen in only two patients in this study. In both instances, the aneurysm was resected concurrently with an aortocoronary bypass procedure in another area. Ventricular asynchrony, a dynamic abnormality in the temporal sequence of ventricular contraction, was more frequent, but usually seen in association with or as a result of ventricular hypokinesis or akinesis. The present investigation was concerned, then, with the common morphologic abnormalities of left ventricular contraction: hypokinesis or reduced motion of a portion of the wall and akinesis or absence of contraction in a portion of the wall. These disturbances are easily identified on single-plane cineventriculograms, and their severity and extent can be assessed objectively from diagrams of the end-systolic and end-diastolic outlines of the ventricular cavity. The direct relationship of these contraction defects to myocardial fibrosis and ischemia has been previously stressed.2 3 In some cases, there is replacement of muscle by fibrous scar. In others, normal muscle is interspersed with fibrosis. In several instances, muscle may be structurally normal but partly inactivated because of ischemia.2 3 It has also been demonstrated that these regional disturbances in cardiac contraction may significantly impair left ventricular performance as a pump. 3 7 When an area of cardiac muscle becomes inactivated, part of systolic energy is used to develop tension without generating pressure or expelling blood. When 20% or more of the left ventricle is thus inactivated, the degree of shortening required of the functioning muscle to maintain stroke volume exceeds the physiologic limits, and ventricular dilatation ensues." With time, even this may prove inadequate with subsequent left ventricular failure. These mechanisms provide a logical explanation for the frequent occurrence of congestive heart failure in patients with coronary artery disease. 3 Regional changes in myocardial perfusion, following surgical bypass of coronary artery obstructions in our patients, were associated with very significant localized modifications in the contraction pattern of the left ventricle. Thus far, the evolution of aortocoronary venous grafts has been variable and has been influenced by several modifying factors.9 Regional modifications of left ventricular contraction always bear a very close relation to the early and late angiographic aspects of the venous grafts.
Sixty-six aortocoronary venous grafts were largely patent and intact between 12 and 18 months after surgery. In these cases, the integrity of previously normal wall segments was maintained and presumably protected from deterioration with time or progression of disease. Moreover, more than half of the preoperative ventricular wall defects showed early and persistent improvement. Localized ventricular hypokinesis or reduced wall motion was the underlying defect in most of these instances. Improvement was noted much more frequently when the dyskinesis involved the anteroapical walls than the inferior wall of the left ventricle. Akinesis or absence of wall motion was improved with persistence of ventricular hypokinesis in a few cases.
These data reconfirm the important role of myocardial ischemia in regional abnormalities of left ventricular wall motion and function. In addition to relief of anginal symptoms, correction of hypokinetic ventricular dysfunction and hopefully prevention of subsequent cardiac failure is henceforth a justifiable goal of aortocoronary bypass surgery.
Unsuccessful myocardial revasularization, following early and late occlusion or stenosis of the venous grafts and of the coronary arteries, frequently have, however, detrimental consequences on left ventricular contraction and function. More than one third of Circulation, Volume XLVI, October 1972 ventricular wall segments not previously akinetic showed a very definite deterioration of contraction. This is of major consequence if one considers that approximately half of the venous grafts in this series were either closed or functioning poorly 12-18 months after surgery. The factors responsible for early and late patency of aortocoronary venous grafts have been studied in our patients.9 Improved surgical technics may eliminate some poor results, especially when related to stenosis at the aortic and coronary anastomosis. Early failures of grafts are almost exclusively related to poor runoff of the distal coronary vessels and may be prevented by a better case selection. The high incidence of aggravation of ventricular dynamics in our patients militates against attempts still made to revascularize small coronary arteries. Late failures of grafts may often be related to progressive intimal hyperplasia of the veins. The etiology and rate of progression of these changes are still poorly understood.
Unsuccessful aortocoronary bypass surgery is frequently followed by ventricular dyskinesis and dysfunction. These deleterious effects may significantly alter the course and prognosis of patients with coronary artery disease.
The present report stresses the importance to arrive at a better knowledge and control of the factors influencing early and late attrition rate of aortocoronary venous grafts. Until then, in patients selected for surgery, potentially harmful consequences of graft failure have to be weighed against the significant benefits derived from successful myocardial revascularization.
